Use of topical negative pressure over diffi cult-to-heal wounds has been studied. The objective of this study was to analyze the effects from negative pressure in the treatment of complex wounds.
INTRODUCTION
Treatment of wounds is one of the most challenging situations that a plastic surgeon can face. Wound healing consists of a series of events that differ one from the other, leading to uncertainty that frequently makes the surgeon choose incorrect or inadequate methods for treating the problem. Also, the wide range of dressings and drugs that are available for treating chronic wounds means that it is not always clear which of these is most indicated. The surgeon should decide which surgical technique is best indicated for the specifi c case by considering its effectiveness, safety and cost.
Nowadays, because of greater severity of patients' illnesses, chronic wounds have become prevalent. In a study conducted in our hospital, about 8% of the patients had chronic wounds, and this situation may be more critical in geriatric hospitals or intensive care units.* The wounds included pressure sores, wounds on diabetic feet, and wounds of vascular origin. The morbidity rate and treatment costs are high and social integration after hospital discharge may be compromised. Recent studies have shown the importance of faster treatment of wounds among in-hospital patients in order to reduce such costs.
The treatment of complex wounds has changed greatly in wound centers over the last decade. It has included aggressive surgical debridement for removal of necrotic tissue, thus allowing better control over local infection. As a second stage, the wound bed should be prepared so as to lead to the formation of healthy granulation tissue and thus reach the third stage: surgical closure using skin grafting, local fl aps or microsurgical fl ap transplantation. Wound contraction and spontaneous epithelization should be kept to a minimum, thus avoiding prolonged hospital stay and recurrence of infection.
New dressings that help in wound preparation have been described, as well as physical methods such as electric current and others. Local negative pressure may be included in this group of agents that improve bed preparation, since this stimulates granulation tissue and provides mechanical drainage of the wound.
The use of negative pressure over the wound surface was fi rst described by Morikwas and Argenta in 1997. 1, 2 It was demonstrated that a vacuum device removing fl uid from the wound but not drying it completely produced a better environment for epithelial proliferation and fi broblast migration. Because of this capacity for removing fl uids, vacuum conditions also remove bacteria from the wound, thus reducing the bacterial population. Negative pressure applied over the current surface accelerates the formation of granulation tissue, and promotes increased capillary circulation. Moreover, the mechanical effect of the vacuum attracts the borders of the wound towards the center, thus reducing the wound volume.
This method has been approved by the United States Food and Drug Administration (FDA). Because there was no previous experience with this method in Brazil, we started to use it in Hospital das Clínicas, Sao Paulo, in 2002. Preliminary results from three patients were published in 2003 3 and we now present our more extensive experience, with results from 29 patients.
OBJECTIVE
The objective of this study was to evaluate the use of negative pressure on the treatment of chronic wounds.
METHODS
Twenty-nine patients with complex wounds were treated in a tertiary hospital (Hospital das Clínicas, Faculdade de Their mean age was 59.8 years (range: 29-78). Eleven patients were female, and 18 were male. The wound locations were grouped according to topography: 19 in the lower extremities, seven sacral ulcers and three in other locations (one case of dehiscence following abdominoplasty, one dehiscence following breast reconstruction and one traumatic skin avulsion). Among the 19 patients with wounds in the lower extremities, eleven had diabetes ( Figure 1 ), two had vasculitis, and three had wound caused by saphenectomy dehiscence.
The scheme adopted for vacuum use was that it should start forty-eight hours after the necrotic tissue had been surgically debrided.
The vacuum device (VAC, Kinetic Concepts Inc, USA) consisted of a sponge that was applied directly to the wound, connected to a tube and covered by a transparent adhesive plastic fi lm ( Figure 2 ). The system was linked to a machine that produced negative pressure in a controlled manner (Figure 3 ). Fluids were collected in a disposable receptacle.
The machine was installed by the plastic surgery staff, and regulated to a 125 mmHg negative pressure, in continuous mode. The sponges were changed every 48 hours, and the reservoir cleared only when completely full. The patients were allowed to stay for a maximum of one hour without negative pressure, during bath time. The device was used for eight days.
After an eight-day period with negative pressure (Figure 4) , the patients underwent surgical closure of the wound, either using a skin graft or a local fl ap. In 20 cases, nineteen in the lower extremities and one case following breast reconstruction dehiscence, the use of negative pressure enabled surgical closure using split-thickness skin graft.
In two cases (breast wound and diabetic foot wound), the vacuum method was also used to stabilize the skin graft. The skin graft was meshed 1:1.5, and a gauze was fi tted over it. A sponge was used to cover the skin graft and gauze, and fi lm was applied over the system. The vacuum device was installed with 100 mmHg negative pressure, for fi ve days. After this period, it was removed and the skin graft was evaluated ( Figures 5 and 6) .
In eight patients, all with sacral pressure ulcers, local fl ap rotation was performed after the eight-day vacuum period.
The results were assessed according to the percentage take of the skin graft, by visual evaluation, or when a local fl ap was used, according to the percentage survival and wound recurrence.
RESULTS
One patient with a traumatic skin avulsion from thigh to anterior thorax underwent the vacuum method in order to improve the local and systemic conditions for a skin graft. This patient died on day 6, due to sepsis that was unrelated to the use of the vacuum method, and was the only death during this study.
Among the 20 patients who received skin grafts, there were three partial skin losses (15%) that required new skin grafts in order to achieve complete closure. Minor skin graft losses occurred in fi ve patients (25%), but these patients did not require additional surgical procedures (Table 1 ). In no case was there wound recurrence. It took an average of 15 days from when surgical debridement was carried out for the wounds to close.
The eight patients with sacral ulcers achieved wound closure by means of a local fasciocutaneous or myocutaneous fl ap. There was one case of fl ap necrosis that required another surgical operation in order to perform fl ap rotation again. Minor fl ap losses occurred in two patients, and these only required simple dressing changes in order to achieve total wound closure. The average time required for achieving closure among the patients with fl ap rotation was 15 days, which was similar to the time required by the skin graft patients. 
DISCUSSION
Local negative pressure is a relative new procedure, but it has already been used in a wide variety of situations, including chronic exudative wounds and some acute wounds. The applications and principles have been studied both experimentally and in the clinical setting. However, there was no previous clinical experience of its use in Brazil.
Hospital das Clínicas is a tertiary medical center and a reference center for the treatment of complex wounds in Brazil. Because of this profi le, and the particular characteristics of the public health system in Brazil, complicated wound cases have been seen at an increasing frequency, especially among clinically impaired patients.
Our experience has shown that the vacuum system is an appropriate method for wound management. Complicated cases should not be expected to heal spontaneously by secondary intention. Surgical treatment removes necrotic tissue and the subsequent use of vacuum conditions enables adequate formation of granulation tissue. Thus, the negative pressure system improves local conditions, which is paramount for surgical closure of a wound, and maintains such conditions while the patient's clinical state is stabilized. This allows the surgery to be safer and more predictable, which is critical for a successful outcome.
It is still not completely clear how negative pressure promotes faster and more effi cient wound preparation. Continuous drainage of the wound should have a role, since this removes secretions and helps to control infection. Granulation tissue is then able to grow faster, but there may be an additional effect from stimulation of growth factors, induced by controlled ischemia.
In this study, we did not compare the results from the vacuum method with any results from other wound dressings, since the variety of wounds did not allow us to group them as a single category of wounds. However, when these results were compared with our previous experience, it could be seen that the vacuum method allowed the surgical staff to perform the surgical procedures more safely after its introduction. Thus, adequate wound preparation could be achieved, even in clinically compromised patients.
It is important to emphasize the role of the vacuum method in preparing the wound for defi nitive surgical closure. It can be used to completely close wounds that are not very large. However, the time needed to establish total closure in larger wounds is frequently excessive. Therefore, we accept negative pressure as an auxiliary method for improving the condition of the wound prior to surgical closure, rather than as a defi nitive method for wound closure. 4 In our experience, it has helped to reduce hospital stays, thereby reducing the morbidity that is associated with immobilized patients.
By enabling earlier closure, the device might also reduce the total cost of treatment. Its use over skin grafts is another possible advantage of the system. 5, 6 As demonstrated in two cases, the vacuum promoted safe attachment of the skin graft to the wound. In some cases, it may even allow patients to walk while negative pressure is applied. CONCLUSIONS This study demonstrated that this new method was safe, with minimal complications. It was effi cient for adequately preparing the wound bed for defi nite surgical closure, which is an obligatory stage in most cases of complex wounds.
